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MICRO-LITHOGRAPHIC PROCESS USING A CURVED SURFACE MASK 



TECHNICAL FIELD AND PRIOR ART 

The invention relates to lithographic 
techniques that allow small size patterns , to be 
reproduced on a substrate. The size of the patterns 
5 involved in this invention is for example below 10 
microns . 

The invention, given the size of the 
patterns employed, applies in particular to the micro- 
and nanotechnology fields. Different industrial 

10 applications can be targeted, for example the 
manufacture of flat screens, storage memories, nano- 
systems, microsystems or biochips . 

Different lithographic techniques are known 
and used today in the industry. Most require the use of 

15 very costly equipment of the deep ultraviolet wafer 
stepper type at the 248, 193 or 157 nanometre 
wavelength or of electron beam machines. This equipment 
can cost anything from about ten up to several tens of 
millions of euros. 

2 0 Some low-cost technologies are beginning to 

emerge, and they use embossing, inking or imprinting 
techniques known in the printing trade or plastic 
material shaping. Reference may be made for example to 
the article by S. Y. Chou et al . , Applied Physics 

25 Letters, 67 (21), P 3114-3116, 1995. 

However these techniques have limited 
results because of problems relating to resolution and 
the homogeneity thereof. Indeed, when a mask carrying 
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the patterns to be reproduced has been manufactured by 
litho-etching, the substrate and the mask need to be 
brought into contact as perfectly as possible; this 
stage, difficult on surfaces of the order of a few cm 2 , 
5 is practically impossible for surfaces larger than a 
few tens of cm 2 . Indeed two surfaces plane overall but 
whose surfaces are not however identical need to be 
aligned and superposed, then brought into contact 
homogenously . The result is defective homogeneity in 

10 the resolution obtained. Different publications have 
highlighted this type of problem for example in the 
different articles of the "Proceedings of the 
International Workshop on nanoimprint lithography, 16- 
17 January 2002, University of Lund, Sweden" and also 

15 in the article by N. Roos et al . , entitled "Nanoimprint 
lithography with a commercial 4 inch bond system for 
hot embossing", SPIE 2001 Emerging Technologies and in 
the article entitled "Roller nanoimprint lithography" 
T. Hua et al . , JVST B 16 (6) (1998) 3926-3928 or in the 

20 article by H.Y. Chou et al . , already quoted above. 

The problem is therefore posed of finding a 
new process, preferably one that is more 
straightforward to implement, and that allows the 
aforementioned problems to be resolved. 

25 The problem is also posed of finding a 

process that is compatible with a plane structure such 
as an SOI structure. 
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DISCLOSURE OF THE INVENTION 

The invention relates firstly to a process 
for preparing a lithographic mask, comprising: 

- a stage for making patterns on a substrate 
5 or a plane mask, 

- a stage for transferring the patterns to a 
curved support or one that has locally either on at 
least one point or one area of its surface at least one 
non-nil curvature . 

10 The area with the non-nil curvature has for 

example a surface area of at least 0.5 or 1 cm 2 , or of 
about a cm 2 , for example between 0.5 cm 2 and 10 cm 2 . 

The invention proposes a process for making 
a mask, the surface of which is not plane since an 

15 initially plane mask has been transferred to a support 
that is at least locally curved. Different forms of 
support with a non-nil curvature may be appropriate, 
for example the outer surface of a cylinder. 

After the transfer, it is possible to bring 

20 the surface of a substrate into contact with the 
surface of the mask, in a gradual and controlled way. 

The homogeneity problem encountered 
therefore no longer arises since it comes down to a 
situation of bringing into contact two surfaces of a 

2 5 few cm 2 . 

Additionally the invention makes it possible 
to avoid embodying a mask directly on a curved surface, 
an embodiment difficult to implement. 

The plane mask can for example be of silicon 
30 or silicon dioxide. 
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It may also have an SOI structure, 
comprising a layer of semiconductor material, a buried 
layer of insulant and a substrate. In the latter case, 
a stage of thinning the substrate of the SOI structure 
5 may additionally be provided. 

The transfer stage may previously comprise a 
thinning of the plane substrate then the installation 
of a handle substrate. 

As regards the curved support, this can be 
10 of metal, or glass or plastic material. 

Means can be provided in the curved support 
to achieve a local deformation of this support. 

The invention also relates to a lithographic 
mask that comprises a support with a non-nil curvature 
15 on at least one point of its surface, and a silicon or 
silicon substrate comprising a plurality of patterns 
applied against this surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows diagrammat ically an electron 
2 0 beam lithographic stage, 

figure 2 shows the plane mask, after 
lithography, 

figures 3A to 3C show different transfer 

stages, . 

25 figure 4 shows a detail of a mask on its 

curved support surface, after transfer, 

figures 5A to 5C show a marking of a 
substrate using a mask according to the invention, 

figure 6 shows an SOI structure. 

30 



B 14415.3 PM 



DETAILED DISCLOSURE OF EMBODIMENTS OF THE INVENTION 

The invention first of all implements a 
first stage for making patterns on a plane mask. 

A lithographic technique can be used, for 
5 example by electron beam. 

Figure 1 shows diagrammatical ly a mask 2 on 
which patterns are to be written using just such an 
electron beam 4 of a lithographic device. 

The beam is produced by a source 6, such as 
10 a filament of W, or LaB6 or by thermal field effect 
(TFE) , is directed and focused, using electromagnetic 
lenses 8, 9, towards the mask 2. 

The lithographic equipment is for example 
contact lithography equipment fitted with means for 
15 displacing and/or rotating the substrate or mask 2 . 

This first stage makes it possible to obtain 
etched patterns 10 on a substrate 12, as shown in 
figure 2. The width L of each pattern may be less than 
10 fxm, for example between 10 nm and 100 nm 
20 (particularly with a view to making microdots in flat 
screens) or between 100 nm and 5 /xm. For an application 
in the field of magnetic memories L will be between 10 
nm and 20 nm. For an application in the field of 
transistors L may for example be between 1 jim and 

2 5 10 lira. 

The next stage is the transfer of these 
patterns to a curved support or one with at least one 
non-nil curvature on at least one point or one area of 
its surface or over all its surface or over an area 

3 0 comparable or approximately equal in size to that of 

the etched patterns. 
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To this end, there may be a prior stage of 
thinning the substrate 12 (figure 3A) , installing a 
so-called "handle" substrate 14 (figure 3B) , then of 
transferring the whole thing to a support 16 that has a 
5 curvature of this kind (figure 3C) . According to the 
example in figure 3C, the support 16 has a cylindrical 
portion, seen in cross -section in this figure . 

A curved mask 20 is thus obtained a detail 
of which is shown in figure 4 . 

10 The embodiment example given therefore makes 

it possible to manufacture a curved mask using two 
technologies, lithography and layer transfer. 

Making small patterns directly onto a 
"curved" mask surface is difficult to achieve; in 

15 particular, in an electron masker for lithography, 
these difficulties are related to problems of depth of 
field: the electron beam does not retain the same 
dimension as you move over its length. 

According to the example above, the litho- 

20 etching stage is therefore initially carried out on a 
plane mask in the usual electron beam lithography 
material, for example silicon or silicon oxide then the 
imaged layer is separated and transferred to a support 
that is at least locally curved. 

25 Figures 5A to 5C show the use of such a 

mask . 

The curved mask 20, whose patterns are 
denoted overall by the reference 22, is brought into 
contact with the surface layer 24 (e.g. : of polymer 
30 resin) of a substrate 26 (e.g. of silicon or silicon 
dioxide) . 
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Then (figure 5B) , the next stage is the 
rotation of the mask and/or the displacement of the 
substrate 26. 

The surfaces in contact, of the mask and the 
5 substrate respectively, have a surface of about a cm 2 , 
for example between 0.5 cm 2 and 10 cm 2 . 

The result of this (figure 5C) , after the 
mask 20 is removed, is a substrate 26 that carries an 
image 3 0 on the surface. 
10 The material of the mask 2 is preferably 

adapted to the transfer in other words it has a 
chemical inactivity towards the substrate 26, and 
sufficient flexibility in the thickness used to be 
transferred to a curved surface. Silicon, or silica are 
15 materials that have this type of property, as does 
nitride . 

But preferably, a substrate of the SOI type 
is used, with the etching being achieved in the surface 
layer of silicon. 

20 SOI structures usually allow the embodiment 

of some semiconductor materials. Structures of this 
kind are for example described in document FR 2681472. 

As shown in figure 6, an SOI structure 
comprises a layer 32 of semiconductor material, for 

25 example monocrystalline silicon, in which the 
components themselves can be made, and under which is 
found a buried layer 34 of insulant, for example 
silicon dioxide. The whole thing rests on the substrate 
36, itself also of a semiconductor material, for 

3 0 example silicon. 
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Typically, the surface layer 32 has a 
example of thickness of about 10 to 1000 nm (it can 
also be greater than 1 /zm) , whereas the layer 34 has a 
thickness of about a few hundreds of nanometres, for 
5 example 4 00 nm. 

The curved support 16 of the mask can be 
made of different materials selected for their property 
of rigidity (all metal or glass) or again for their 
ease of shaping. A plastic support (e.g. polypropylene, 

10 or PVC, etc) , can also be used, the deformation of this 
type of material allowing better contact between mask 
and substrate. 

On the other hand, micro- system devices (for 
example an electrostatic piezoelectric actuator) , can 

15 be fixed inside the curved support to allow a local 
deformation of the support, and therefore better 
placement of the patterns to be reproduced. 

By way of example, a Leica VB6HR electron 
masker is used to write 50 nm patterns onto a wafer of 

20 silicon on insulant (SOI) of 200 mm diameter. After the 
lithographic stage, the upper layer of silicon, of a 
thickness of 100 nm, is separated from the substrate 
using a method described in the document FR - 02 03909, 
which employs ion implantation then fracture, and the 

25 use of a handle. Then it is transferred onto a curved 
glass support. This support is for example a cylinder 
with a diameter at least equal to 200/3.14=64 mm. 

The stage of transferring the image by 
imprint may be applied at a temperature of between 20°C 

3 0 and 250 °C, by exerting pressure of between 300 and 
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4,800 psi, and for a roller speed of between 0.5 and 
1 . 5 cm/minute . 

The invention allows a stage to be 
implemented for the homogeneous lithography of 
5 submicronic patterns with low-cost equipment, thanks to 
the use of a curved mask. 

Examples of stages for transferring elements 
from one support to another support (allowing a bond 
separable system to be created) and for the bond 
10 separation of two elements (allowing a release to be 
implemented) are described in FR-2 781 925 and FR-2 796 
491 respectively and can be used as part of the 
invention, particularly in the examples given above. 



